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Abstract  
Ion cyclotron resonance heating used for isotope separation is provided by 
electrical field with frequency corresponding to the frequency of purpose 
ions in uniform magnetic field (∆B/B~5.10-3). The operating principles and 
the construction of two types of HF antennas used for ICR heating are 
considered. The methods of estimation of effectiveness of ICR heating of 
“narrow” plasma flow by these antennas in single particle approximation 



















Ba\_kl_g f_lh^ jZa^_e_gby bahlhih\ ijb ihfhsb k_e_dlb\gh]h
bhggh-pbdehljhggh]h gZ]j_\Z BPJ gZ]j_\Z ieZafu >@ BPJ-f_lh^
iha\hey_l kha^Zlv \ukhdhijhba\h^bl_evgmx l_ogheh]bx lZd dZd \ ieZaf_
hlkmlkl\mxl wnn_dlu k\yaZggu_ k h[t_fguf aZjy^hf bhgh\  
Hkh[_gghklvx jZkkfZljb\Z_fh]h kemqZy BPJ jZa^_e_gby bahlhih\
y\ey_lky bkihevah\Zgb_ ³madh]h´ ieZaf_ggh]h ihlhdZ l_ \ ihi_j_qguc
jZaf_j \ibku\Z_lky \k_]h  –  eZjfhjh\kdbo ^bZf_ljZ bhgh\ ieZafu >@  
JZ[hlZxsZy gZ wlhf ijbgpbi_ mklZgh\dZ jbk \dexqZ_l \ k_[y ljb
hkgh\guo we_f_glZ kbkl_fm ihemq_gby ieZafu  kbkl_fm k_e_dlb\gh]h
BPJ gZ]j_\Z bhgh\  b kbkl_fm hl[hjZ p_e_\h]h bahlhiZ  Ihlhd
hlghkbl_evgh oheh^ghc ieZafu \ul_dZ_l q_j_a \uimkdghc dZgZe  \^hev
kbeh\uo ebgbc fZ]gblgh]h ihey \ gZijZ\e_gbb kbkl_fu BPJ gZ]j_\Z >@  
Kbkl_fZ <Q gZ]j_\Z hkms_kl\ey_l k_e_dlb\guc gZ]j_\ p_e_\h]h
bahlhiZ < ^Zgghc jZ[hl_ jZkkfZljb\Z_lky ijhp_kk BPJ gZ]j_\Z gZ i_j\hc
]Zjfhgbd_ pbdehljhgghc qZklhlu \ h^ghqZklbqghf ijb[eb`_gbb
Zgl_ggZfb ^\mo lbih\ we_dljh^gh-_fdhklghc b khe_ghb^Zevghc
JZkkfZljb\Z_fu_ Zgl_ggu \ha[m`^Zxl we_dljbq_kdb_ ihey g_ bf_xsb_
ijh^hevghc dhfihg_glu GbdZdbo kh[kl\_gguo dhe_[Zgbc ieZafu ijb
wlhf g_ \ha[m`^Z_lky Wlh iha\hey_l mkljZgblv ijbgpbibZevgu_
ljm^ghklb \hagbdrb_ ijb bkihevah\Zgbb Zgl_gg \ha[m`^Zxsbo
dhe_[Zgby k i_jbh^bq_kdhc kljmdlmjhc \ gZijZ\e_gbb fZ]gblgh]h ihey >@
>ey jZa^_e_gby bahlhih\ \ ©madhfª ieZaf_gghf ihlhd_ fh`gh
bkihevah\Zlv ki_pbZevgmx kbkl_fm k[hjZ bahlhih\ 
 
Jbk 1. Ko_fZ mklZgh\db (1 – bklhqgbd ieZaf_ggh]h ihlhdZ 2 – \uimkdghc dZgZe  – 
<Q-Zgl_ggZ  – k[hjgbdb 5 – dZlmrdb fZ]gblghc kbkl_fu MklZgh\db. 
We_dljh^gh-_fdhklgZy Zgl_ggZ 
Ijbgpbi jZ[hlu 
Ijbgpbi jZ[hlu we_dljh^gh-_fdhklghc Zgl_ggu ihdZaZg gZ jbk  
Hkh[_gghklvx jZ[hlu wlhc Zgl_ggu y\ey_lky kh\f_s_gb_ nmgdpbc
gZ]j_\Z b k[hjZ bhgh\. IeZklbgu Zgl_ggu  bkihevamxlky ^ey ^h]j_\Z
bhgh\ \uoh^ysbo aZ ihi_j_qgu_ jZaf_ju imqdZ djhf_ lh]h gZ gbo
dj_iylky k[hjgbdb p_e_\uo qZklbp EZjfhjh\kdb_ jZ^bmku gZ]j_luo bhgh\
klZgh\ylky gZklhevdh [hevrbfb qlh bo ljZ_dlhjbb \uoh^yl ba imqdZ  b
hk_^Zxl gZ ki_pbZevguo ieZklbgZo  K[hj bhgh\ p_e_\h]h bahlhiZ
hkms_kl\ey_lky ih ijbgpbim ©ijyfh]hª k[hjZ lh _klv ih f_j_ gZ]j_\Z
j_ahgZgkgu_ bhgu ihiZ^Zxl gZ k[hjgbdb H^ghjh^gh_ we_dljbq_kdh_ <Q
ihe_ \\h^blky \ ieZafm k ihfhsvx lhjp_\uo we_dljh^h\  aZ kq_l
ijh^hevghc we_dljhgghc ijh\h^bfhklb :gZeh]bqguc \\h^ we_dljbq_kdh]h




Jbk 2. We_dljh^gh-_fdhklgZy Zgl_ggZ (1 – ieZklbgu Zgl_ggu 2 – ihlhd ieZafu  – 
k[hjgbdb j_ahgZgkguo bhgh\  – lhjp_\u_ we_dljh^u y\eyxsb_ky h^gh\j_f_ggh
we_f_glZfb dhee_dlhjZ g_j_ahgZgkguo bhgh\ 
Bhggh-pbdehljhgguc gZ]j_\ 
\ we_dljh^gh-_fdhklghc Zgl_gg_ 
Ijb fh^_ebjh\Zgbb ijhp_kkZ BPJ gZ]j_\Z \ we_dljh^gh-_fdhklghc
Zgl_gg_ kqblZehkv qlh we_dljbq_kdh_ ihe_ \ ieZaf_ h^ghjh^gh_
hlkmlkl\mxl dZdb_-eb[h ihi_j_qgu_ ijhkljZgkl\_ggu_ ]jZ^b_glu 
GZ]j_\ bhgh\ hkms_kl\ey_lky we_dljbq_kdbf ihe_f







)tCos(&EE(t) 0hf0 ϕ+⋅⋅=  ]^_ ωhf – qZklhlZ <Q ihey ϕ0 – k^\b] nZau
we_dljbq_kdh]h ihey hlghkbl_evgh \jZs_gby bhgZ ih eZjfhjh\kdhc 
hdjm`ghklb E0 – Zfieblm^Z we_dljbq_kdh]h <Q ihey 
AZ^ZqZ h ljZ_dlhjbb bhgh\ \ lZdhc Zgl_gg_ j_rZeZkv qbke_gguf
h[jZahf \ ij_^iheh`_gbb ihklhygkl\Z ijh^hevghc kdhjhklb bhgh\  
>ey ihi_j_qguo ijyfhm]hevguo dhhj^bgZl mjZ\g_gby ^ey ^\b`_gby



































]^_ Z – aZjy^ bhgZ ij_^iheZ]Z_lky Z=1), q – we_f_glZjguc aZjy^               
ma – fZkkZ Z_ A – fZkkZ p_e_\uo qZklbp B(z) – Zfieblm^Z fZ]gblgh]h
ihey \ gZr_f kemqZ_ wlh i_jbh^bq_kdZy \_ebqbgZ ba-aZ i_jbh^bq_kdhc
jZkklZgh\db dZlmr_d nhjfbjmxsbo fZ]gblgh_ ihe_ k i_jbh^hf
Lihe_=TdZlmr_d =  kf 











Jbk  Baf_g_gb_ ihi_j_qghc wg_j]bb w< j_ahgZgkgh]h bhgZ \^hev Zgl_ggu f
(157Gd, WII   w< :⊥   w< (  <f nZaZ  –  00, 2  – 1800, 3 – 900, 4 – 2700). 
Ijhp_kku gZ[hjZ wg_j]bb b jhklZ jZaf_jZ eZjfhjh\kdh]h jZ^bmkZ
j_ahgZgkgh]h bhgZ 
157Gd ijb hilbfZevguo iZjZf_ljZo ieZaf_ggh]h
ihlhdZ ijh^hevgZy kdhjhklv bhgh\ lZdh\Z qlh gZ ^ebg_ ahgu gZ]j_\Z     
(2.5 f bhg kh\_jrZ_l N = A qbkeh h[hjhlh\ ^ey gZijy`_gghklb
we_dljbq_kdh]h ihey (  <f fZ]gblgh]h ihey B = 1 L \ aZ\bkbfhklb hl
gZqZevghc nZau \e_lZ bhgZ ijhbeexkljbjh\Zgu gZ jbk. 











Jbk 4. EZjfhjh\kdbc jZ^bmk kf j_ahgZgkguo bhgh\ \^hev Zgl_gguf (157Gd,     
WII   w< :⊥   w< ( =  <f nZaZ  – 00, 2 – 1800, 3 – 900, 4 – 2700). 
 
Ijhp_kk baf_g_gby ihi_j_qghc wg_j]bb b baf_g_gb_ jZaf_jZ
eZjfhjh\kdh]h jZ^bmkZ g_j_ahgZgkgh]h bhgZ 158Gd ijb l_o `_ iZjZf_ljZo
\ aZ\bkbfhklb hl gZqZevghc nZau \e_lZ bhgZ ijhbeexkljbjh\Zgu gZ
jbk 
Baf_g_gb_ eZjfhjh\kdh]h jZ^bmkZ g_j_ahgZgkguo bhgh\ aZ\bkbl
lhevdh hl we_dljbq_kdh]h ihey b gZqZevghc nZau b keZ[h aZ\bkbl hl
gZqZevghc wg_j]bb  
 
 

























Jbk. 5. Baf_g_gb_ ihi_j_qghc wg_j]bb w< g_j_ahgZgkghc qZklbpu \^hev Zgl_ggu
f (158Gd, WII   w< :⊥   w< ( =  <f nZaZ  – 00, 2 – 1800, 3 – 900,          
4 – 2700). 












Jbk 6. EZjfhjh\kdbc jZ^bmk kf g_j_ahgZgkguo bhgh\ \^hev Zgl_ggu f       
(158Gd, WII   w< :⊥   w< ( =  <f nZaZ  –  00, 2 – 1800, 3 – 900, 4 – 2700). 
 
Ijh[e_fu b h]jZgbq_gby k_e_dlb\gh]h BPJ gZ]j_\Z 
b k[hjZ bahlhih\ we_dljh^gh-_fdhklghc Zgl_gghc 
1. Ijb \hagbdgh\_gbb ijhkljZgkl\_gghc g_h^ghjh^ghklb <Q ihey \
ahg_ bhggh-pbdehljhggh]h gZ]j_\Z ihy\eyxlky ^j_cnh\u_ ^\b`_gby
bkdZ`Zxsb_ jZkq_lgu_ ljZ_dlhjbb bhgh\ < wlhf kemqZ_ ijb kms_kl\m-
xs_c kbkl_f_ k_iZjZpbb b k[hjZ hkgh\gZy qZklv j_ahgZgkguo bhgh\ g_
ihiZ^_l gZ khhl\_lkl\mxsb_ k[hjgbdb b [m^_l ihl_jygZ. 
IjbqbgZfb ihy\e_gby ]jZ^b_glguo ihe_c fh]ml [ulv  
− jZa[ZeZgk we_dljhgguo b bhgguo ihlhdh\ iZ^Zxsbo gZ ijbgbZxsb_
we_f_glu eb[h ijhkljZgkl\_gguc ]jZ^b_gl we_dljhgghc l_fi_jZlmju
\ h[t_f_ ieZafu; 
− ieZaf_ggu_ ijhp_kku ieZaf_ggu_ dhe_[Zgby kbevgZy ihi_j_qgZy
^bnnmaby; 
− \aZbfh^_ckl\b_ ihe_c bklhqgbdZ ieZaf_ggh]h ihlhdZ b <Q Zgl_ggu
Ijhgbdgh\_gb_ we_dljbq_kdbo ihl_gpbZeh\ bf_xsboky \ bklhqgbd_
ieZafu jZ^bZevgu_ we_dljbq_kdb_ ihey E=f(rk ]^_ k !  \ ahgm <Q-
gZ]j_\Z aZ kq_l we_dljhgghc ijh\h^bfhklb ijb\h^bl d mf_gvr_gbx
wnn_dlb\ghklb gZ]j_\Z j_ahgZgkguo bhgh\ b d baf_g_gbx mkeh\bc
k_iZjZpbb p_e_\uo we_f_glh\  
<hafh`gh_ ijh^hevgh_ \^hev ieZaf_ggh]h ihlhdZ jZkij_^_e_gb_
ihl_gpbZeh\ \ lhf qbke_ b \ukhdhqZklhlguo, ijb\h^bl d lhfm qlh bhgu
fh]ml ijbh[j_lZlvl_jylv ijh^hevgmx wg_j]bx l_f kZfuf bkdZ`Zlv
jZkq_lgu_ iZjZf_lju gZ]j_\Z b k[hjZ bahlhih\ 
2. H]jZgbq_gb_ gZ fZdkbfZevgh_ kh^_j`Zgb_ p_e_\h]h bahlhiZ \
ieZaf_gghf ihlhd_ GZ]j_\ bhgh\ \ we_dljh^gh-_fdhklghc Zgl_gg_ b^_l aZ
kq_l hfbq_kdbo lhdh\ l_dmsbo ihi_j_d ieZafu Kj_^gb_ kmffZjgu_ ih
\k_f ijb_fgbdZf we_dljhgguc b bhgguc lhdb jZ\gu f_`^m kh[hc b
h[sbc kmffZjguc lhd jZ\_g gmex LZdbf h[jZahf aZ kq_l _kl_kl\_ggh]h
h]jZgbq_gby ijh^hevguo lhdh\ bf__lky ij_^_e gZ fZdkbfZevgh_ agZq_gb_
fhsghklb dhlhjZy fh`_l [ulv i_j_^ZgZ hl ]_g_jZlhjZ d p_e_\uf
bahlhiZf  
Khe_ghb^ZevgZy Zgl_ggZ 
>ey bhggh-pbdehljhggh]h gZ]j_\Z ieZaf_ggh]h ihlhdZ k [hevrbf
kh^_j`Zgb_f p_e_\h]h bahlhiZ eb[h k fZehc ijh^hevghc we_dljhgghc
ijh\h^bfhklvx jZkkfZljb\Z_lky khe_ghb^ZevgZy Zgl_ggZ >@  
Ijbgpbi jZ[hlu  
H[sbc \b^ Zgl_ggu ihdZaZg gZ jbk Khe_ghb^ZevgZy Zgl_ggZ
kha^Z_l \boj_\h_ ZabfmlZevgh_ we_dljbq_kdh_ <Q ihe_ dhlhjh_
ijhihjpbhgZevgh jZ^bmkm b gZ hkb h[jZsZ_lky \ gmev  



















Jbk 7. Khe_ghb^ZevgZy Zgl_ggZ (1 – dZlmrdZ khe_ghb^Zevgh]h lbiZ  – wdjZg  – 
ieZaf_gguc ihlhd. 
 
WdjZg  \uiheg_g \ \b^_ ijh^hevguo jZaj_aguo f_lZeebq_kdbo
ihehk qlh kgbfZ_l ijh^hevgmx dhfihg_glm \boj_\h]h we_dljbq_kdh]h
ihey kha^Z\Z_fh]h Zgl_gghc Ihfbfh wlh]h wdjZg \uihegy_l jhev
l_ieh\h]h wdjZgZ f_`^m Zgl_gghc b ieZafhc  
Bhggh-pbdehljhgguc gZ]j_\ \ khe_ghb^Zevghc Zgl_gg_ 
>ey kbgmkhb^Zevgh]h baf_g_gby fZ]gblgh]h ihey Bn=B0.sin(2pifhft) 
ihi_j_qgh_ \boj_\h_ we_dljbq_kdh_ ihe_ fh`gh aZibkZlv 
)2cos(2
2
)( 0 tffBrrE hfhf ⋅⋅⋅⋅⋅⋅⋅⋅−= pipiϕ . 
AZ^ZqZ h ^\b`_gbb bhgh\ \ khe_ghb^Zevghc Zgl_gg_ j_rZ_lky
qbke_gguf h[jZahf >ey ihi_j_qguo ijyfhm]hevguo dhhj^bgZl k gZqZehf









































]^_ Z – aZjy^ bhgZ fhf – qZklhlZ <Q-ihey E0 – dhwnnbpb_gl
ijhihjpbhgZevghklb Eϕ(r)= E0.r)  
< dZq_kl\_ beexkljZpbc gZ jbk-13 ijb\_^_gu j_amevlZlu
qbke_gguo jZkq_lh\ ahgZ gZ]j_\Z  f_ljh\ gh ijb l_o `_ iZjZf_ljZo
qZklbpu qlh b ^ey we_dljh^gh-_fdhklghc Zgl_ggu :II   w< :⊥ = 35 
w< (0 =  <f
2 b ihklhyggZ \^hev Zgl_ggu B = 1 L Z =  jZkklhygb_
\e_lZxs_c qZklbpu hl hkb Zgl_ggu r =  kf x = 0, y =  kf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Jbk 8. Baf_g_gb_ ihi_j_qghc wg_j]bb w< j_ahgZgkgh]h bhgZ \^hev Zgl_ggu f
(157Gd nZaZ \e_lZxs_]h \ h[eZklv <Q-gZ]j_\Z bhgZ  – 00, 2 – 1800, 3 – 900,             
4 – 2700). 
 
 












Jbk EZjfhjh\kdbc jZ^bmk kf j_ahgZgkguo bhgh\ \^hev Zgl_ggu f (157Gd nZaZ
\e_lZxs_]h \ h[eZklv <Q-gZ]j_\Z bhgZ  – 00, 2 – 1800, 3 – 900, 4 – 2700). 


























Jbk 10. Kf_s_gb_ p_gljZ eZjfhjh\kdbo ljZ_dlhjbc j_ahgZgkgh]h bhgZ \^hev
Zgl_ggu (157Gd nZaZ \e_lZxs_]h \ h[eZklv <Q-gZ]j_\Z bhgZ – 00, 1 – iheh`_gb_
p_gljZ eZjfhjh\kdhc ljZ_dlhjbb gZ \oh^_ \ Zgl_ggm klj_edhc ihdZaZgh
gZijZ\e_gb_ kf_s_gby p_gljZ eZjfhjh\kdbo hdjm`ghkl_c 
 












Jbk 11. Baf_g_gb_ ihi_j_qghc wg_j]bb w< g_j_ahgZgkgh]h bhgZ \^hev Zgl_ggu
f (158Gd nZaZ \e_lZxs_]h \ h[eZklv <Q-gZ]j_\Z bhgZ  –  00,  2 – 1800, 3 – 900,      
4 – 2700). 
 












Jbk 12. EZjfhjh\kdbc jZ^bmk kf g_j_ahgZgkguo bhgh\ \^hev Zgl_ggu f (158Gd; 
nZaZ \e_lZxs_]h \ h[eZklv <Q-gZ]j_\Z bhgZ 1 – 00, 2 – 1800, 3 – 900, 4 – 2700). 
 





Jbk . Kf_s_gb_ p_gljZ eZjfhjh\kdbo ljZ_dlhjbc g_j_ahgZgkgh]h bhgZ \^hev
Zgl_ggu (158Gd nZaZ \e_lZxs_]h \ h[eZklv <Q-gZ]j_\Z bhgZ – 00, 1 – iheh`_gb_
p_gljZ eZjfhjh\kdhc ljZ_dlhjbb gZ \oh^_ \ Zgl_ggm klj_edhc ihdZaZgh
gZijZ\e_gb_ kf_s_gby ljZ_dlhjbc. 
 
 




















Ba ijh\_^_gguo jZkq_lh\ ihemq_gu ke_^mxsb_ j_amevlZlu 
1. LjZ_dlhjbb bhgh\ ij_^klZ\eyxl kh[hc keh`gu_ djb\u_
h[mkeh\e_ggu_ ^j_cnhf \ ]jZ^b_glghf we_dljbq_kdhf ihe_ Bf_xlky
i_jbh^bq_kdb_ ^\b`_gby p_gljh\ eZjfhjh\kdbo ljZ_dlhjbc j_ahgZgkguo
bhgh\ nhjfZ ^\b`_gby aZ\bkbl hl nZau \e_lZxs_c qZklbpu hdheh hkb
Zgl_ggu b q_f [hevr_ Zfieblm^Z ihey l_f \ur_ qZklhlZ dhe_[Zgbc  
2. GZ[bjZ_fZy wg_j]by \^hev hkb Zgl_ggu kbevgh aZ\bkbl hl
gZqZevghc nZau \e_lZ bhgZ \ ahgm gZ]j_\Z b gZqZevgh]h iheh`_gby p_gljZ
eZjfhjh\kdhc hdjm`ghklb bhgZ AZ\bkbfhklv gZ[hjZ wg_j]bb y\ey_lky
i_jbh^bq_kdhc nmgdpb_c \^hev Zgl_ggu  
J_ahgZgkgu_ bhgu \ kj_^g_f gZ]j_\Zxlky ^h [hevrbo wg_j]bc q_f
g_j_ahgZgkgu_  
K m\_ebq_gb_f Zfieblm^u <Q ihey j_ahgZgkgu_ bhgu \uoh^yl ba
j_ahgZgkZ ba-aZ k^\b]Z qZklhlu 
< khe_ghb^Zevghc Zgl_gg_ kh\f_sZlv BPJ gZ]j_\ b k_iZjZpbx
hkgh\Zggmx gZ ijbgpbi_ ³ijyfh]h´ k[hjZ g_\hafh`gh ba-aZ \hagbdZxs_]h
^j_cnZ.  
>ey jZkkfZljb\Z_fhc Zgl_ggu p_e_khh[jZag__ bkihevah\Zlv
dheebfZpbhgguc k[hjgbd jbk jZkiheh`_gguc gZ \uoh^_
khe_ghb^Zevghc Zgl_ggu >@ ;eZ]h^Zjy jZagbp_ \ kj_^g_c gZ[bjZ_fhc
wg_j]bb j_ahgZgkguo b g_j_ahgZgkguo bhgh\ ijhbkoh^bl k_iZjZpby bhgh\ 
 
Jbk 14. DheebfZpbhgguc k[hjgbd (1 – \oh^gZy ^bZnjZ]fZ 2 – k[hjgbd
j_ahgZgZkguo bhgh\. 
 
K[hjgbd ij_^klZ\ey_l kh[hc \oh^gmx ^bZnjZ]fm k
dheebfZpbhggufb hl\_jklbyfb dhlhju_ ©\uj_aZyª qZklv ieZaf_ggh]h
ihlhdZ ijhkljZgkl\_ggh jZa^_eyxl bhgu ih bo eZjfhjh\kdbf jZ^bmkZf
Gh lZdZy kbkl_fZ g_ fh`_l wnn_dlb\gh jZ[hlZlv k ³madbf´ ieZaf_gguf
ihlhdhf lZd dZd lj_[m_fu_ ^ey ohjhr_c k_iZjZpbb jZaf_ju D2 b D1, 
khbaf_jbfu k ihi_j_qgufb jZaf_jZfb ihlhdZ 
 
 
Ijh[e_fu b h]jZgbq_gby k_e_dlb\gh]h BPJ gZ]j_\Z 
\ khe_ghb^Zevghc Zgl_gg_ 
1) G_jZ\ghf_jguc gZ]j_\ 
FZdkbfZevgh gZ[bjZ_fu_ wg_j]bb bhgh\ kbevgh aZ\bkyl hl
gZqZevgh]h iheh`_gby p_gljZ eZjfhjh\kdhc hdjm`ghklb bhgZ 
Kf_s_gb_ ieZaf_ggh]h ihlhdZ hlghkbl_evgh hkb Zgl_ggu ^ey [he__
jZ\ghf_jgh]h gZ]j_\Z ijb\h^bl d agZqbl_evghfm \hajZklZgbx jZaf_jh\
Zgl_ggu h[eZklb fZ]gblgh]h ihey Z ke_^h\Zl_evgh b mklZgh\db \ p_ehf
Djhf_ lh]h \ wlhf kemqZ_ \hagbdZ_l ijh[e_fZ \\h^Z \ ieZafm <Q
fhsghklb ba-aZ wdjZgbjh\db ihe_c ieZafhc 
Djhf_ \ur_ jZkkfhlj_gguo ijbqbg g_jZ\ghf_jguc gZ]j_\ bhgh\
\^hev Zgl_ggu \hagbdZ_l ba-aZ djZ_\uo wnn_dlh\ dhg_qgZy ^ebgZ
Zgl_ggu 
2) I_jbh^bq_kdh_ ^j_cnh\h_ ^\b`_gb_ bhgh\ hdheh hkb Zgl_ggu  
Wlh ijb\h^bl d ijhkljZgkl\_gghfm b wg_j]_lbq_kdhfm i_j_f_rb-
\Zgbx bhgh\ jZaebqguo bahlhih\ b ijhkljZgkl\_ggh jZa\_klb j_ahgZgkgu_
b g_j_ahgZgkgu_ bhgu \ kbkl_f_ k ©ijyfufª k[hjhf g_\hafh`gh  
3) I_j_ihexkh\dZ we_dljbq_kdh]h ihey gZ djZyo khe_ghb^Zevghc
Zgl_ggu ijb gZebqb_ iehlghc ieZafu n ~ 1012 kf-3) >@ Wlh mf_gvrZ_l
wnn_dlb\ghklv gZ]j_\Z beb \hh[s_ bkdexqZ_l k_e_dlb\guc gZ]j_\ ijb
g_hilbfZevghf jZkiheh`_gbb bklhqgbdZ ieZaf_ggh]h ihlhdZ b kbkl_fu
k[hjZ hlghkbl_evgh Zgl_ggu \ mklZgh\d_  
4) K^\b] bhggh-pbdehljhgghc qZklhlu ba-aZ \ha[m`^_gby
kh[kl\_ggh]h fZ]gblgh]h ihey khe_ghb^Zevghc Zgl_ggu ^h  fL b \ur_
[ebahd d jZagbp_ f_`^m qZklhlZfb khk_^gbo bhgh\ hkh[_ggh ^ey ly`_euo
fZkk b ijb\h^bl d ij_djZs_gbx gZ]j_\Z j_ahgZgkguo bhgh\ lZd dZd
qZklhlZ <Q ihey g_ kh\iZ^Z_l k bo kh[kl\_gghc qZklhlhc – j_ahgZgkgu_
bhgu ij_\jZsZxlky \ g_j_ahgZgkgu_ 
AZdexq_gb_ 
>ey jZkkfZljb\Z_fhc ko_f_ jZa^_e_gby bahlhih\ \ ©madhfª
ieZaf_gghf ihlhd_ \ ihi_j_qguc jZaf_j dhlhjh]h \ibku\Z_lky \k_]h -4 
eZjfhjh\kdb_ hdjm`ghklb bhgh\ bkdhfh]h bahlhiZ [he__
ij_^ihqlbl_evguf y\ey_lky ijbf_g_gb_ we_dljh^gh-_fdhklghc Zgl_ggu k
³ijyfuf³ k[hjhf ijb mkeh\bb khojZg_gby \ ieZaf_ jZ\ghf_jgh]h <Q ihey
Khe_ghb^ZevgZy Zgl_ggZ bf__l f_gvrmx wnn_dlb\ghklv bahlhibq_kdb
k_e_dlb\gh]h gZ]j_\Z ba-aZ ^j_cnh\h]h oZjZdl_jZ ^\b`_gby qZklbp b __
bkihevah\Zgb_ \ j_`bf_ ³madh]h´ ieZaf_ggh]h ihlhdZ fZehwnn_dlb\gh
Ke_^mxsbf rZ]hf \ bamq_gbb oZjZdl_jbklbd Zgl_gg y\ey_lky mq_l \
fh^_evguo jZkq_lZo \ebygb_ ieZafu b ijh\_^_gb_ nbabq_kdbo
wdki_jbf_glh\  
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